Charge ordering is one of the most intriguing and extensively studied phenomena in correlated electronic materials because of its strong impact on electron transport properties including superconductivity. Despite its ubiquitousness in correlated systems, the occurrence of charge ordering in iron-based superconductors is still unresolved. Here we use scanning tunneling microscopy to reveal a long-range charge-stripe order and a highly anisotropic dispersion of electronic states in the ground state of stoichiometric FeTe, the parent compound of the Fe(Te, Se, S) superconductor family. The formation of charge order in a strongly correlated electron system with integer nominal valence (here Fe 2+ ) is unexpected and suggests that the iron-based superconductors may exhibit more complex charge dynamics than originally expected. We show that the present observations can be attributed to the surpassing of the role of local Coulomb interaction by the poorly screened longer-range Coulomb interactions, facilitated by large Hund's rule coupling.
Charge order (CO) has been observed in a wide range of strongly correlated electron systems (SCESs), such as manganites [1, 2] , magnetite [3] , cobaltates [4] , nickelates [5] , and cuprates [6] [7] [8] [9] . Such ubiquity comes unexpected since the two generic leading energy scales in electron systems-the kinetic energy and local Coulomb interaction U-generally favor uniform charge distribution instead. However, it has been shown that CO may result from a compromised interplay of charge with the spin [10] and/or orbital [11, 12] degrees of freedom.
Moreover, the bad-metal behavior of SCESs [13, 14] implies that CO can also be driven by the poorly screened longer-range Coulomb interactions. Usually, the SCESs that exhibit CO have fractional nominal valence due to charge doping or mixed valence in nature [15] , which allows charge fluctuation free of the energy penalty from U. An exception comes when U is surpassed by Hund's rule coupling [16] . The ubiquity of CO is thus a manifestation of electronic correlation effects [1] . Experimentally, CO is readily characterized by diffraction, x-ray scattering, and scanning tunneling microscopy (STM) techniques [6] [7] [8] [9] . These features of CO have made its study an effective route to understanding SCESs in general and helping resolve some current grand problems in condensed matter physics, such as high-temperature superconductivity in cuprates and colossal magnetoresistance in manganites in particular.
Naturally, it is desirable to know how CO emerges in iron-based superconductors (FeSCs) [17] , which appear to have all the aforementioned ingredients for CO: they contain the charge, spin, orbital degrees of freedom [18] and show bad-metal behavior [19] . Oddly enough, to date, convincing evidence of CO in FeSCs is still lacking. Compared with the other SCESs, FeSCs are indeed somehow different. For example, the origin of strong electron correlation in FeSCs is attributed to the Hund's rule coupling instead of U [20] [21] [22] [23] likely due to the suppression of U via strongly coupled charge multipole polarizations of Fe and anion [24] .
This peculiar charge dynamics could mediate electron pairing for superconductivity [25] . On the other hand, the suppression of U also favor the formation of CO. Hence, finding CO in FeSCs has become an important step to our understanding of FeSCs and CO mechanisms in SCESs.
Here we report the direct observation of long-range static charge order in FeSCs with systematic STM measurement on FeTe, the parent compound of the Fe(Te,Se,S) family of FeSCs [26] [27] [28] [29] [30] . FeTe was chosen because of its simple structure (Fig. 1A) and arguably strongest electronic correlation in the FeSC system [21] . The ground state of bulk FeTe is known to possess the metallic bicollinear antiferromagnetic (AFM) spin order [28] [29] [30] , named after the pattern of alternating two columns of Fe sites with spin-up and two columns of Fe sites with spin-down (see Fig. 1B ). Alternatively, the two columns of Fe sites of the same spin can be viewed as a zigzag chain formed by the nearest Fe-Fe bonds; this AFM order is called E-type in the context of manganites [22] . The latter viewpoint bridges these two important classes of SCESs: FeSCs and manganites. In fact, it has been shown that various material-dependent magnetic orders in FeSCs [22, 23] and manganites [31] are unified in a spin-fermion model. In this work, we find that CO in FeTe peculiarly follows the same bicollinear E-type order, a pattern that has not been observed or predicted before in the charge channel. Even more strikingly, this CO is realized in a SCES with integer nominal valence. We suggest that the E-type CO can be well accounted for by including long-range Coulomb interaction in the spin-fermion model.
The experiments were carried out in a Unisoku UHV 3 He STM system equipped with a molecular beam epitaxy (MBE) chamber for in situ film growth. Single crystal Fe 1+x Te samples usually contain a sizeable amount of excessive Fe atoms, which are known to bring substantial extrinsic effects such as transforming the metallic FeTe to a semiconductor [28, 32] . To avoid these extrinsic effects, we grew stoichiometric FeTe single-crystalline films with MBE in ultra-high vacuum (UHV) and performed the STM experiment in the same UHV system [33] . Topography of the Te-terminated FeTe film (Fig. 1C) shows the atomically flat surface with broad terraces. The step height is 0.63 nm. The image with atomic resolution (Fig. 1C, inset ) exhibits a quasi-square lattice of Te atoms with lattice constant of ∼ 3.8
A. Previous studies [28, 29] on bulk FeTe show a tetragonal to monoclinic structural phase transition at T s ∼ 65 K with a simultaneous development of the E-type AFM order (i.e.,
The STM images at different temperatures ( The energy dependence of the stripes is presented in that the charge-stripe order is tied to the long-range E-type AFM order.
We note that previous neutron scattering studies [34] revealed the existence of strong spin fluctuations in the FeTe system. It is shown that the long-range E-type AFM order only makes a small and very low-energy contribution to the entire spin dynamics, while the higher energy part is governed by other competing orders such as the 2 × 2 plaquette spin order [23, 34] . Thus, the correlation between CO and AFM helps explain the appearance of stripes at low energy.
Another relevant finding is that the electrons are much more itinerant in the FM direction than in the AFM direction. An anisotropic dispersion is revealed by scanning tunneling Ca(Fe 1−x Co x ) 2 As 2 also exhibits similar property [35] . However, the present results for FeTe are nontrivial because of the different electron transport behavior in FeTe from that in the iron pnictides. In FeTe, the electric conductivity in the FM direction is larger than that in the AFM direction [36] , while the opposite is observed for iron pnictides [36, 37] . The consistency between the anisotropy in band dispersion and electric conductivity in FeTe unambiguously indicates that the itinerant electrons hop much more easily along the FM direction. The highly anisotropic itinerancy is a reminiscence of the electron behavior in the manganites [31] and suggests that the itinerant electrons in FeTe move in a localized spin background and are favorably described by the double-exchange mechanism in the spin-fermion model [22] . In this model, the itinerant electrons and the localized spins S are coupled by the strong on-site Hund's rule coupling K, which is a FM exchange interaction. Therefore, an itinerant electron hopping between two sites with the same (opposite) localized spins will experience zero (KS) energy barrier, leading to dispersive (nondispersive) electronic states along the FM (AFM) directions and the so-called double-exchange ferromagnetism [38] . The metallic E-type AFM spin order in FeTe itself results from a compromised interplay between the double-exchange ferromagnetism and the antiferromagnetism that originates from the superexchange between the localized spins [22] .
The observed charge-stripe order in FeTe can be readily reproduced by inclusion of longrange intersite Coulomb interactions V ij (thanks to the poor screening in FeTe) into a model H V =0 that can account for the metallic E-type AFM spin order with highly anisotropic dispersion. The Hamiltonian reads H = H V =0 + H V , where
Here n i is the electron number operator on the ith We first analyze the effect of H V alone without considering the kinetic energy. Let
, where n i is the averaged filling of the itinerant electrons per Fe site. Then, the problem can be mapped to a classical spin model H V ≡ ij V ijS z iS z j plus a constant. Substituting V m by J m , we arrive at the J 1 -J 2 -J 3 spin model, which is known to yield the E-type AFM "spin" order when J 2 > J 1 /2 and J 3 > J 2 /2 [30] . This numerical condition is satisfied by V 1 : V 2 : V 3 = 2 : √ 2 : 1. Hence, the V 1 -V 2 -V 3 model alone is ready to yield the observed E-type charge order with n i = 2 n i on the "spin"-up sites and n i = 0 on the "spin"-down sites.
The above charge-stripe order is expected to be weakened by the kinetic energy contributed from H V =0 . However, the negligible kinetic energy along the AFM direction compared with that along the FM direction warrants the Stoner-type instability of "spin" polarization, namely the charge difference ∆n between the spin-up Fe site and the spin-down Fe site. Therefore, the charge-stripe order still survives even for small V ij . The situation is explicitly shown in fig. S2 , where ∆n is calculated using the aforementioned spin-fermion model for H V =0 . In the supplemental material [33] , we also demonstrate how the effect of local Coulomb interactions is suppressed by the double-exchange mechanism, which is necessary for V ij to be effective in driving the CO instability.
Finally, the stripe structure of FeTe indicates two types of domain boundaries: orthorhombic twin boundary and anti-phase boundary. Both of them have been observed and are shown in Fig. 4 . The continuity of the charge stripes ends at the domain boundaries (marked by the dash lines). The stripes either rotate by 90 • (Fig. 4A ) or shift by a Te (Fig. 4B) 
where C iγµ denotes the annihilation operator of an itinerant electron with spin µ =↑ or ↓ in the γ = d xz or d yz orbital on site i. t γγ ′ ij 's are the electron hopping parameters. σ µµ ′ is the Pauli matrix and S i is the localized spin whose magnitude is S. K is the effective Hund's rule coupling between the itinerant electrons and the localized spins. J ij is the AF S2 superexchange couplings between the localized spins; in particular, J and J ′ are respectively the nearest-neighbor (NN) and next-nearest-neighbor (NNN) ones. The U, U ′ , and J H terms on the second line of Eq. S1 describes the on-site intraorbital Columbic, interorbital orbital Columbic, and Hund's rule interactions between the itinerant electrons, respectively.
The filling of the itinerant electrons is three per Fe site, corresponding to the high-spin configuration of Fe 3d 6 [13] .
To minimize the number of free parameters, we take U and V 3 as free parameters, set shows that as V 3 increases, the E-type CO saturates to ∆n = 2 n i as discussed in the main text. As U increases, the CO is suppressed considerably as expected. The results for the first two cases are comparable to each other. This is understandable as the double-exchange effect: The strong KS term tends to align the spins of the itinerant electrons with the localized spins, thus suppressing the effect of U and the effective interaction between the itinerant electrons becomes U ′ − J H , which is zero in case (ii). This justifies the use of the noninteracting case (i) to approximate the interacting case (ii) [3] [4] [5] . We show that the CO starts to appear at small V 3 ≃ 0.1 eV.
